Parathyroid cells have unusual responses to an increase in the external calcium concentration-a reduction in secretion and a depolarization. In an attempt to explain this behavior, we have studied voltage-clamped inside-out patches from bovine parathyroid cells. We found a potassium-selective channel that requires internal calcium to open and has a 175-pS conductance. This channel differs from calcium-activated potassium channels that have been found in other cells in that it closes when the internal calcium concentration is increased above about 160 nM. This channel can account for the depolarization that occurs in parathyroid cells in high-calcium solutions. It may also account for the reduced secretion in high-calcium solutions.
In contrast to most other secretory cells, where the rate of hormone secretion increases when the external Ca2+ concentration increases, the rate of hormone secretion in parathyroid cells decreases when the external Ca2+ concentration increases (1, 2) . This unusual response is probably related to the role of the parathyroid hormone in regulating plasma calcium levels. Also in contrast to other cells, an increase in the external Ca2+ concentration causes the parathyroid cell to depolarize (3, 4) .
We have performed patch-clamp experiments on bovine parathyroid cells to determine whether specific channels in the plasma membrane might be responsible for the depolarization associated with an increase in Ca2 + concentration. In the physiological concentration range, the usual type of calcium-activated potassium channel would open in response to an increase in calcium concentration, leading to hyperpolarization of the cell, a result that is opposite to that observed in parathyroid cells. However, calcium-dependent closing of calcium-activated potassium channels has been shown to occur at very high concentrations of Ca2+ in rabbit muscle (5) . If (Fig. 1B) . The maximum open probability for most channels was found to correspond to an internal Ca2+ concentration of about 160 nM.
For an internal Ca2 + concentration of 164 nM, Fig. 2 shows single-channel current-voltage curves for several inside-out patches with several different concentrations ofpotassium and sodium in the pipettes. In Fig. 2A , corresponding to 32 mM potassium and 116 mM sodium in the pipette and 150 mM potassium in the bath, the reversal potential is -32 mV; in Fig.  2B , corresponding to 150 mM sodium in the pipette and 150 mM potassium in the bath, the extrapolated reversal potential is more negative than -50 mV. These reversal potentials are near the respective potassium equilibrium potentials, indicating that the channel is potassium-selective. More specifically, according to the Goldman-Hodgkin-Katz equation, the selectivity ratio for potassium:sodium is at least 8:1. The slopes of the curves in Fig. 2 Fig. 3 involved increasing and decreasing Ca2+ concentrations. Also, for six of the seven patches, at least one of the concentrations was repeated and the effect of Ca2+ was found to be reversible.
There were a number of patches other than those shown in Fig. 3 where channels with conductance similar to that shown in Fig. 1 (9) . According to our results (Fig. 3) , this increase in internal calcium concentration could cause the closing of calcium-activated potassium channels. Since open potassium channels tend to hyperpolarize the cell by driving it toward the potassium reversal potential, closing these channels would depolarize the cell.
If closing these channels is responsible for cell depolarization, as suggested above, it is necessary that the channels can open at the resting potential of the cell. Although at submicromolar Ca2+ concentrations the calcium-activated potassium channels of many cells require significant depolarization to open (10, 11) , this is not the case for parathyroid cells. The data of Fig. 3 and other experiments that we have performed indicate that, for parathyroid cells, channel opening is relatively independent of membrane potential between -50 mV and 0 mV, even at submicromolar Ca2" concentrations.
According to Fig. 3 , depolarization caused by channel closing should occur when the internal Ca2 + concentration is increased between about 160 and 270 nM in bovine parathyroid cells. Experiments relating internal and external Ca2 + concentrations (9) One assumption of the proposal presented above is that the calcium-activated potassium channels we have observed represent a large fraction of the potassium conductance of the membrane. This assumption has several experimental implications. One of these implications is that the closing of these channels should significantly increase membrane resistance. In agreement with this prediction, the depolarization is, in fact, accompanied by a significant increase in membrane resistance (4) . Another implication is that the sensitivity of the membrane potential to changes in potassium concentration should depend strongly on the calcium concentration. For low calcium concentration, many calcium-activated potassium channels should be open, and the resting potential should depend strongly on the potassium concentration. For high calcium concentration, few calcium-activated potassium channels should be open, and the resting potential should be less sensitive to the potassium concentration. These predictions are also in agreement with experimental observations (3, 4) .
Other cells where an increase in Ca2 + concentration closes calcium-activated potassium channels are the rabbit muscle cell (5) and the pig pancreatic acinar cell (12) . The internal calcium concentration required to close calcium-activated potassium channels is about a million times higher in these cells than in parathyroid cells (300 mM Ca2 + in rabbit muscle cells and 90 mM in pancreatic acinar cells). Also, the dependence of channel closing on calcium concentration is steeper in parathyroid cells. This suggests that the parathyroid channel has a receptor for the closing process that has a particularly high affinity for calcium and binds more than one calcium ion. Our computer simulations indicate that at least four cooperative binding sites are required to fit the observed steepness. effects observed in parathyroid cells, have been observed in neurons of Helix aspersa when calcium was injected into the cells (13) . It has been suggested that hyperpolarization in parathyroid cells is associated with secretion (4) . A possible reason for this association is that both hyperpolarization and secretion could be caused by the opening of calcium-activated potassium channels. It is clear that the opening of these channels in the plasma membrane could hyperpolarize the cell by shifting the membrane potential toward the potassium equilibrium potential. Recent evidence (14, 15) suggests that similar channels are present in secretory vesicles, and their opening could trigger secretion. Since the opening ofcalciumactivated potassium channels in the plasma membrane and in secretory vesicles depends upon the cytoplasmic Ca2+ concentration, both sets of channels would tend to open together, providing a rationale for the association of hyperpolarization and secretion. Dependence of secretion on the opening ofcalcium-activated potassium channels in secretory vesicles would also provide a rationale for the reduced secretion in high-calcium solutions.
